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(71) We, SANDOZ LTD., of 35 
Lichtstrasse, 4002 Basle, Switzerland, a Swiss 
Body Corporate, do hereby declare the inven- 
tion, for which we pray that a patent may 
5 be granted to us, and "die method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
The present invention relates to influenaa 
vaccines, in particular influenza sub-uiu t 

10 vaccines, and their prcxluction by selective 
solubilisadon and isolation of the immunogenic 
components of influenza virus. 

The Figure is a schematic representation 
of the influenza virus particle. The genetic 

15 material, ribonucleic add (RNA), associated 
with the gxoup-spedfic nudeoprotein is 
surroimded by a double membrane consisting 
of an inner layer of protein and an outer 
layer of host-derived lipid material. Two 

20 glycoproteins, haemagglutbin and neuramini- 
dase, appear as projections or spikes on the 
surface of the viral envelope. 

It is now well-established that the two 
glycoproteins, haemagglutinin and neuramini- 

25 dase, are the major immunogenic componenu 
of the influenza virus, all other components, 
induding other virus proteins, nudeic add 
and lipids, being non-essential for the 
induction of imnninity. However, the presence 

30 of such non-essential materials in an influenza 
vacdnc may lead to undesired side effects 
and, in any event, limits the dosage of the 
vaccine which can be administered and, con- 
sequently, the level of immunity which can 

35 be achieved. 

The ideal influenza vaccine should, there- 
fore, contain the two essential immunogens, 
haemagglutinin and neuraminidase, in the 
absence or substantial absence of non-essential 

40 components of the viral particle. Previous 
attempts to separate the influenza immunogens 
have involved as an initial step, substantially 
complete disruption or solubilisauon of the 
virus partide, for example with anionic 

45 detergents, such as sodium desoxycholate or 
sodium dodecyl sulphate, such that all or the 
major portion of the viral components are 
liberated and go into solution with the 



immunogens. A subsequent purification or 
partial purification of the desired immunogens 50 
is necessary, and lis very elaborate and 
laborious and the yidds are usually low. 

The present invention provides a method 
for isolating the haemagglutinin and 
neuraminidase immimogens, involving sdec- 55 
tivdy solubilising these components whUc 
leaving residual subviral partides consisting 
of the intact lipid/protein membrane endosing 
all other non-essential viral components. The 
difference in size or density of the solubilised 60 
immunogens and the residual sub-viral 
partides permits ready separation of the 
immunogens by conventional separating 
methods utilising such differences in physical 
properties. 65 

It has thus been found that such selective 
solubilisation of the haemagglutinin and 
neuraminidase components can be achieved 
by treatment of the influenza virus with a 
canonic detergent. 70 

The present invention accordingly provides 
a method of isolating the haemagglutinin and 
neuraminidase components from influenza 
virus, comprising treating influenza virus in 
an aqueous medium with a catiom'c detergent 75 
to selectively solubilise such components, and 
separating the resulting solubilised such com- 
ponents from residual suh-viral partides. 

The method of invention may suitably be 
applied to influenza Type A, Al, A2 or B 80 
viruses or mixtures thereof. The particular 
strain employed will, of course depend on 
the immunity desired from the immunogens 
to be isolated but the following may be men- 
tioned as examples: — strain A2/Aichi/68, 85 
MRC-2 (recombination of Type A2/ England/ 
42/72), MRC-U (recombination of Type A2/ 
Port Chalmers/73), A/Pasteur/30C 
("Mutagrip", Insritut Pasteur) and B/Mass/ 
67. 90 

The influenza virus to be treated is suit- 
ably multiplied in conventional manner, for 
example by inoculation in 11 day old 
embryonated chicken eggs, and incubation for 
a suitable period at a suitable temperature, 95 
for example for 2 days at 37° C. The harvested 
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aflantoic fluids are then suitably pooled and 
the virus suitably concentrated and purified 
by ultracentrifugation followed by resuspen- 
sion of the virus in, for example, phosphate 
5 buffered physiological saline, or by centri- 
fuging in a continuous flow zonal centrifuge 
using, for example, a sucrose gradient in 
phosphate buffered physiologic saline:, 
followed by lowering of the sucrose content 
10 to^ for example, less than 5% by weight, 
stiitably by dialysis against physiological 
saline, or by Sephadex (Registered Trade 
Mark) chromatography or diluting. The con- 

. ^ centration of the starting virus is not critical 
1 5 and can be adjusted depending on the desired 
yield of immunogens. 

The pH of the virus concentrate is suitably 
from 6J5 to 8.5, using buffers, such as phos- 
phate buffer, where required, prior to the 

20 addition oi the cationic detergent, and the 
concentrate may also be inactivated, e.g. by 
the addition of formaldehyde. The cationic 
detergent is then suitably added to the virus 
concentrate in the form of an aqueous BolutiorL 

25 The appropriate quantity of cationic detergent 
to be added will depend, for example on the 
particular detergent employed. However, in 
general, the cationic detergent is suitably 
added in such a quantity that the weight 

30 ratio of detergent to protein in the resulting 
mi xtur e is from 1:2 to 1:10, particularly 
from 1:3 to 1:5. After addition, the mixture 
is suitably allowed to stand, for example for 
a period of 30 minutes to 16 hours at a 

35 temperature of, for example 4°C to 37°C, 
the higher temperatures requiring the shorter 
standing times. Preferably, the mixture is 
allowed to stand for 30 to 60 minutes at room 
temperature, (i.e. 18° — 22°C) or overnight 

40 (i.e. about 12 hours) at 4°C 

The cationic detergent employed may be 
any cationic detergent sufficiently active to 
solubilise the haemagglutinin and neuramini- 
dase components, but insufficiently active, 

45 under the conditions employed, to disrupt the 
whole virus particle. 

Such cationic detergents may be selected 
from the well-known class of formula I, 

Ri R3 

\©/ 
N xe I 

R2 R4 



50 in which 

Ri signifies alkyl or aryl, 

Rii R2 and R3 are the same or different 

and each signifies alkyl or aryl, or 
Ri and R2, together with the nitrogen atom 
55 to which they are attached form a 5- or 

6-membered saturated heterocyclic ring, 

and R3 signifies alkyl or aryl, or 
Ri, R2 and R3, together with ihe nitrogen 

atom to which ±ey are attached, sigmfy 



a 5- or 6-membered heterocyclic ring, 60 
unsaturated at the nitrogen atom, and 
X signifies an anion. 

Representative compounds of formula I 
include those of formda la. 



R' CH3 

N • X© 



la 65 



in which 

X is as defined above, and 
R4' signifies alkyl of 8 to 22 carbon atoms, 
and either 

Ri' and R2' are the same or different and 70 
each signifies methyl or alkyl of 8 to 
22 carbon atoms, or 

Ri' signifies methyl and R3' signifies 
benzyl, 

in particular compounds of formula laa, 75 

CHs CH3 

\©/ 
N xe laa 

/ \ 
CH3 R,' 

in which 

R4' and X are as defined above, 
or of formula lab, 

CHs CH3 

N X© lafa 80 

in which 

R4' and X are as defined above. 

Further representative compounds of 
formula I are diose of formula lb. 



85 



in which 
X is as defined above, 
R4" signifies alkyl of 12 to 18 carbon 
atoms, and 

R3 signifies hydrogen or mediyl, preferably 90 
hydrogen. 

Preferred alkyl radicals of 8 to 22 carbon 
atoms contain 12 to 18 carbon atoms. Pre- 
ferred alkyl radicals of 12 to 18 carbon atoms 
include lauryl, myristyl, cetyl and stearyl. 95 

In the above formulae, X preferably 
signifies such anions as chloride, bromide, 
sulphate, or acetate, particularly chloride or 
bromide. 

The preferred compounds of formula laa IQO 
include myristyltrimethylammoniimi and 
cetyltrimethylammonium salts, in particular 
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chloride or bromidCj more pardcularly 
bromides. Preferred compounds of formula 
lab include stearyldimeihylbenzylammonium 
salts, in particular chloride or bromide, more 
5 particularly bromide. The preferred com- 
pounds of formula lb include cctylpyridinium 
salts, in particular chloride or bromide, more 
particularly bromide. 
Other canonic detergents which may suit- 
10 ably be employed include benzalkonium 
chlorides and bromides, for example benz- 
ethoniura chloride or methylbenzethonium 
chloride, as well as sudi agents as 
dccamethonium chloride. 
15 The pnrferred cationic detergent for use in 
the process of the invention is cetyltrimethyl- 
ammonium bromide. 

Upon completion of the process, the 
haemaggludnin and neuraminidase com- 
20 ponents may be separated from residual intact 
sub-viral particles using conventional methods 
for the separation of materials having different 
sizes or ^ density, for example by gradient 
centrifuging, using sucrose or sodium 
25 glutamate media, followed by fractionation 
of the gradients, by sedimentation, by 
molecular sieve chromatography or by 
pelleting in an ultracentrifuge, 
The mixture of immunogens produced in 
30 accordance with the process of the invention 
are suitable for use in influenza vacdncs. For 
this purpose, the haemagglutinin and 
neuraminidase components isolated as des- 
cribed above are suitably resuspended in a 
35 conventional inert, Hquid diluent, for example 
a physiological isotonic saline sdution, e.g. a' 
0.9% by weight sodium chloride solution, 
optionally buffered, e.g. with phosphate 
buffer. Sucrose remaining from the purifica- 
40 tion of the initial virus or from the separation 
oi the sdubilised components, should suitably 
be reduced to less than 5 % by weight in the 
vaccine, for example by dialysis. Likewise, the 
content of cationic detergent remaining should 
45 largely be removed, for example reduced to 
less than 0.01% by weight in tiie vaccine, for 
example by dialysis or gel chromatography. 

If desired, preserving agents or inactivating 
agents, such as formaldehyde, may be added 
50 to the vaccines, in conventional amounts, for 
example at a ratio by weight at 1 part to 
10,000 parts. 

Inmiunogcnicity of the vaccines of the 
invention may also suitably be improved by 
55 inclusion of conventional immunological 
adjuvants, such as aluminium hydroxide or 
aluminium phosphate, in conventional 
amounts, for example, by inclusion of 0.2% 
by weight of aluminium hydroxide. 
60 As indicated, the vaccines produced in 
accordance with the invention are useful as 
vaccines against influenza viruses, for example 
those mentioned above, as shown, for example, 
by comparison with whole virus vaccines, 
65 having the same immunogenic content, in the 



mouse protection test. Separate groups of 
30 mice are administered, i.p., 0.25 ml of 
whole virus vaccine and sub-unit vaccine of 
the invention, each having a haemagglutinin 
content of about 2*. Separate groups are 70 
infected, 3, 4 and 8 weeks after immunisation, 
with a virulent virus by spray application. On 
the ninth day after infection tiie protection 
against mortality and against lung lesions is 
evaluated in each group. The test is repeated 75 
using different antigenic contents in the 
vaccines. The results indicate that the sub- 
unit vaccines of the invention produce a more 
prolonged immunity against the infecting virus 
but otherwise have parallel effects to the 80 
whole virus vaccine. 

For such usage the dosage to be admini- 
stered will, of course, vary. However, in 
general, a single dose of from 600 to 3000 
international units is indicated. Such unit dose 85 
may for example, be contained in 0.5 ml of 
vaccine. 

The dosage is suitably administered sub- 
cutaneously or intramuscularly. 

The following Examples . illustrate the 90 
invention. 

EXAMPLE 1 
Influenza virus of the antigen type X-31 
(recombination of the strain A2/Aichi/68) is 
multiplied in embryonated chicken eggs by 95 
incubation at 37°C for two days. The eggs 
are then chilled at 4°C overm'ght and the 
harvested infected allantoic fluid pooled. The 
virus is subsequentiy concentrated and purified 
from the infeaed allantoic liquid by centri- 100 
fuging in a continuous flow zonal centrifuge 
(modd RK, Electro-Nucleonics) using a 
sucrose gradient in phosphate buffered s Jine. 
The virus concentrate obtained after reduc- 
tion of the sucrose content to less than 5% 105 
by weight by dialysis against phosphate 
buffered saline in the cold, has a haemag- 
glutination litre of 1 :2^' and a protein content 
of 0.7 mg/cc. The immunogens are split off 
by adding to the virus suspension 1/50 of no 
its volume of an aqueous detergent solution 
(cetyltrimethylammonium bromide, 1% by 
weight solution). After 30 to 60 minutes (room 
temperature [Le. 18 — 22°C]) the reaction 
mixture is worked up by zonal gradient centri- \ j 5 
fuging using a preformed linear sucrose 
gradient and subsequent fractionation of the 
gradients with a peristaltic pump, Haemag- 
glutinin and neuraminidase are solubilized 
quantitatively and are present in the upper 120 
part of the gradient, wdl separated from the 
virus residual particle which forms a 
sediment much more rapidly. 

EXAMPLE 2 
Multiplication, concentration and cleavage I25 
of the virus are effected as described in 
Example 1. Working up is effected by 
equilibrium centrifuging in a preformed 
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sucrose gradient. After adjusting equilibriuin, 
the gradient is fractionated and tested: 
haemagglutinin and neuraminidase are present 
in the iighter part of the gradient, well 
5 separated from the more dense virus residual 
particle. 

EXAMPLE 3 
The process is effected as described in 
Example 1 or 2, except that influenza strain 
10 AlRC-2 (recombination of type Aj/England/ 
42/72) or MRC-11 (recombination oi type 
Aj/Port Chahners/73) is used. 

EXAAiPLE 4 
The process is effected as described in 
15 Example 1 or 3, except that the reaction 
mixture is worked up by molecular sieve 
chromatography. 

EXAMPLE 5 
An aqueous solution (0.5% by weight) of 
20 cetylpyridinium bromide is added to ixSuenza 
virus of the type A/Pasteur/30C ("Mutagrip", 
Institut Pasteur) which has been inactivated 
with formol, up to a final concentration of 
0.02 to 0.1%. J>y weight. Workbg up is 
25 effected in a manner analogous to Siat des- 
cribed in Example 1, 2 or 4. 

EXAMPLE 6 
The process is effected as described in 
Example 1, 2, 4 or 5, except that the influenza 
30 strain B/Mass/67 is used. 

EXAMPLE 7 
The process is effected as described in 
Example 1, 3, 5 or 6, except that the cleavage 
mixture is worked up by pelleting in an 
35 ultra-centrifuge. This may, for example, be 
effected in a Beckmann L-2-65 B centrifuge 
(rotor 60 Ti, 35,000 r.p.m., 90 minutes). The 
solubilized immunogens are present in the 
supernatant fraction. 

40 EXAMPLE 8 

The procedure of any of Examples 1 to 7 
is repeated but employing, in place of the 
cetyltrimethylammonium bromide solution, a 
1% by weight solution of myristyltrimethyl- 

45 ammonium bromide, benzethonium chloride, 
methylbenzethonium chloride, decamethonium 
chloride or stearyldimethylbenzylammonium 
bromide. Similar results are obtained. 

EXAMPLE 9 
50 An influenza vaccine of the invention may 
be formulated as follows: — 



55 



Immunogenic mixture: — 

Thiomerosal : — 

Phosphate buffer in 0.9% 
by weight physio- 
logical saline: — 



700 international 

units 
1 part in 10,000 
pans 



to 0.5 ml. 



The immunogenic mixture may be pro- 
duced in accordance with any one of the 60 
preceding Examples, for example that pro- 
duced in Example 3 from the influenza strain 
MRC-U (recombination of type A2/Port 
Chalmers/73). 

WHAT WE CLAIM IS:— 55 

1. A method of isolating the haemagglutinin 
and neuramuridase components from 
influenza virus, comprising treating influenza 
virus in an aqueous medium with a cationic 
decergent to selectively solubilise such com- 70 
ponents, and separating the resulting 
solubilised such components from residual 
sub-viral particles. 

2. A method according to claim 1, in which 
the influenza virus is an influenza Type A, 75 
Ai, Ag or B virus or a mixture of any two or 
more thereof. 

3. A^ method according to claim 1 or 2, 
in which the influenza virus is strain 
A2/Aichi/68, MRC-2 (recombination of RQ 
Type A2/England/42/72), MRC-11 (recom- 
bination of Type A2/Port Chahners/73), 
A/Pasteur/30C (Mutagrip), or B/Mass/67. 

4. A method according to any one of the 
preceding claims, in which the cationic 85 
detergent is added to a virus concentrate 
having a pH of from 6.5 to 8.5. 

5. A method according to claim 4, in 
which the virus concentrate is inactivated 
with formaldehyde prior to the addition of 90 
the cationic detergent 

6. A method according to any one of the 
preceding ^ claims, in which the cationic 
detergent is added in the form of an aqueous 
solution. 

7. A method according to any one of die 
preceding ^ daims, in which the cationic 
detergent is added in such a quantity that the 
weight ratio of detergent to protein in the 
resulting mixture is from 1:2 to 1:10. iqO 

8. A method according to claim 7, in 
which the weight ratio is- from 1 : 3 to 1 : 5. 

9. A method according to any one of the 
preceding claims, in which, after addition of 
the cationic detergent, the resulting mixture ]05 
is allowed to stand for 30 minutes to 16 hours 

at 4°C to 37°C. 

10. A method according to claim 9, in 
which the mixture is allowed to stand for 

30 to 60 minutes at 18 to 22°C. | |q 

11. A method according to claim 9, in 
which the mixture is allowed to stand for 
12 hours at 4^C 

12. A method according to any one of the 
preceding claims, in which the cationic 115 . 
detergent is selected from the class of formula 

^> 

Ri Rj 

\©/ 
N X3 I 

/ \ 
R, R, 
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in which 

R4 signifies alkyl or aryl, 

Rij R2 and Rj are the same or different 
and each signifies alkyl or aryl, or 

Ri and Rj, together with the nitrogen atom 
to which they are attached form a 5- or 
6-membered saturated heterocyclic ring, 
and Ra signifies alkyl or aryl, or 
-J Rij R2 and R3, together with die nitrogen 
atom to which they are attached, signify 
a 5- or 6-membered heterocyclic ring, 
unsaturated at the nitrogen atom, and 

X signifies an anion. 

13. A method according to any one of the 
J 5 preceding claims, in which the cationic 
detergent is selected from the class of formula 
la. 



20 



25 



30 



35 



40 



R' CH3 

N xe 
R/ ^R*' 



la 



in which 
X is as defined in claim 12, and 
R4' signifies alkyl of 8 to 22 carbon atoms, 
and either 

Ri' and Rj' are the same or different and 
each signifies methyl or alkyl of 8 to 
22 carbon atoms, or 

R/ signifies methyl and R/ signifies 
benzyl 

14. A method according to any one of the 
preceding claims, in which the cationic 
detergent is selected from the class of formula 
laa, - 



CH, CH, 

\e/ 
N xe 

/ \ 

CH, R,' 



laa 



in which 

R+' and X are as defined in claim 13. 

15. A method according to any one of 
claims 1 to 13, in which the cationic detergent 
is seleaed from the class of formula lab, 



CH, CH, 

\e/ 
N xe 

/ \ 

CoH,CH, R,' 



lab 



in which 

R4' and X are as defined in claim 13. 

16. A method according to any one of 
claims 1 to 12, in which the cationic detergent 
is seleaed from die class of formula lb. 



45 



in which 
X is as defined in claim 12, 
R4" signifies alkyl of 12 to 18 carbon 

atoms, and . 
R3 signifies hydrogen or methyl. 

17. A method according to any one erf 5Q 
claims 12 to 16, in which, in the formula, 

any "alkyl radical" contains 12 to 18 carbon 
atoms. 

18. A method according to claim 17, in 
which the alkyl radical is lauryl, myristyl, 55 
cetyl or stearyl. 

19. A method according to any one of 
claims 12 to 18, in which, in the formula, 
X signifies chloride, bromide, sulphate or 
acctete. 60 

20. A method according to claim 19, in 
which X signifies chloride or bromide. 

21. A method according to any one of 
claims 1 to 14, in which the cationic detergent 

is a myristyltrimethylammonium or cetyltri- 55 
methylammonium sale 

22. A method according to claim 21, in 
which the salt is a chloride or bromide. 

23. A method according to claim 22, in 
which the salt is a bromide. 70 

24. A method according to claim 23, in 
which the cationic detergent is cetyltrimediyl- 
ammonium bromide. 

25. A method according to any one of 
claims 1 to 13 and 15, in which the cationic 75 
detergent is a stearyldimethylbenzylammomum 
salt. 

26. A method according to claim 25, in 
which the salt is the chloride or bromide. 

27. A method according to claim 26, in 80 
which the salt is the bromide. 

28. A method according to any c«ie of 
claims 1 to 12 and 16, in which the cationic 
detergent is a cetylpyridinium salt. 

29. A method according to daim 28, in 85 
which the salt is the chloride or bromide. 

30. A method according to claim 29, in 
vrfiich the salt is the bromide. 

31. A method according to any one of 
claims 1 to 11, in which the cationic detergent 90 
is a benzalkonitim chloride or bromide. 

32. A mediod according to claim 31, in 
which the cationic detergent is benzethonium 
or methylbenzethonium chloride. 

33. A method according to any one of 95 
claims 1 to 11, in which the cadonic detergent 

is decamethonium chloride. 

34. A method according to claim 1, sub- 
stantially as herein described with reference 

to any one of Examples 1 to 8. 100 

35. A mixture of the haemagglutinin and 
neuraminidase components of influenza 
viruses, whenever isolated by a method 
according to any one of the preceding claims. 

36. An influenza vaccine comprising a 105 
mixture of the haemagglutinin and neuramini- 
dase components of influenza virus in the 
substantial absence of other components of 

the influenza viral pardcle, in association with 
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10 



15 



20 



an inert liquid diluent, the mixture of haemag- 
glutinin and neuraminidase components having 
been produced by a method according to any 
one of claims 1 to 34. 

37. An influenza vaccine comprising a 
mixture of the haemagglutinin and neuramini- 
dase components of an influenza virus in the 
substantial absence of other components of 
the influenza viral particle, such mixture being 
obtainable by a method according to any one 
of claims 1 to 34, in association with an inen 
liquid diluent. 

38. A vaccine according to claim 36 or 
37, which contains from 600 to 300Q inter- 
national units of the mixture of haemag- 
glutinin and neuraminidase components per 
0.5 ml of the vaccine. 

39. A vaccine according to any one of 
claims 36 to 38, In which the diluent com- 
prises physiological saline. 

40. A vaccine according to daim 39, in 
which the diluent comprises phosphate 
buffered physiological saline. 



41. A vaccine according to any one of 
claims 36 to 40, additionally comprising a 25 
preserving or inactivating agent. 

42. A vaccine according to daim 41, in 
which the inactivaung agent is formaldehyde. 

43. A vaccine according to any one of 
daims 36 to 42, additiondly comprising an 3q 
immunological adjuvant • 

44. A vaccine according to daim 43, in 
which the adjuvant comprises aluminium 
hydroxide, 

45. A vaccine according to daim 36, sub- 35 
stantially as herein described with r^erence 

to Example 9. 

B. A. YORKE & CO., 
Chartered Patent Agents, 
98, the Centre, 
Feltham, 
Middlesex TW13 4EP, 
Agents for the Applicants. 
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